kmh`1. Physiological strain was greater in uphill than in level or downhill walking (P <.001).
INTRODUCTION
A wealth of research effort has been spent in describing the characteristics of competitors in various endurance sports (for reviews see Astrand and Rodahl, 1977; Carter, 1970; Costill, 1968; Ogilvie, 1968) . Mostly investigations have tended to concentrate on top-flight performers in order to identify critical requirements for success and have described such characteristics in physical, physiological and psychological terms. This suggests that a holistic approach is appropriate in attempts to complete individual profiles and has demonstrated success in discriminating between proficiency levels, at least among endurance team players (Reilly and Thomas, 1977) .
In individual locomotor sports a sensitive measure of performance proficiency is implicit in the time taken for the competitive event. Investigations of performance predictors have relied on studies of track, cross-country and road runners, which helps to explain the abundant data available on those athletes. In contrast little attention has been paid to race-walkers apart from the racewalkers included in the studies of discrete parameters by Forsberg and Lundin (1975) , Saltin and Astrand (1967) and Tanner '1964) .
This study represents an initial attempt to provide basic data on broad profiles of a select group of racewalkers. These could serve as baseline to which later investigators could relate their results. It was hoped to *National race-walking coach.
**Now at the Department of Physical Education, Leeds University. investigate relationships between selected fitness measures and competitive performance and additionally to obtain preliminary data on physiological strain in typical race-walking training regimes.
METHODS
Subjects were 25 top-class male race-walkers and included 14 members of the BAAB's national squad. Ages of subjects ranged from 16 to 33 (mean age 21.1) years. All subjects completed the EPPS personality questionnaire (Edwards, 1959) and provided details of their competitive performances at 3 km and 20 km. A fitness test battery comprising anthropometric, static and explosive strength, and circulatory measures was administered to fourteen of these subjects on attendance at the laboratory prior to the start of the competitive season. These had completed a background of endurance work over the winter and were considered to be of good fitness status for this seasonal phase.
Details of the tests and procedures are now provided.
Test Procedures (a) Anthropometric. Height and weight were determined using a stadiometer mounted on a balance weighing scale. Subjects wore only athletic shorts during measurement. Body surface area (BSA) was estimated using the nomogram of Sendroy and Collison (1960) . The values reported for leg length were estimates based on the difference between standing and sitting heights obtained according to Weiner and Louire (1969 Percentage body weight as fat was estimated from skinfold thickness at triceps, biceps, sub-scapular and supra-iliac sites using the method of Durnin and Womersley (1974) . Skinfold fat was measured using a Harpenden skinfold caliper.*Somatotype was determined using the Heath-Carter method (Carter, 1972 Clarke (1967) and the best of three trials was recorded in each case.
(c) Circulatory measures. Resting heart rate (fH) was obtained after 10 min lying supine on entering the laboratory and after procedures and the purpose of the study were briefly explained. Heart rate was obtained by palpation at the radial artery over 1 min and checked with duplicate measurements. Systolic and diastolic blood pressures (BP) were obtained using sphygmomanometry (Clarke, 1967) . Haematological variables at rest pre-exercise were obtained on 6 of the 14 subjects. Haemoglobin concentration was determined by colormetry. The erythrocyte count was obtained using a Naubauer chamber. Mean value of 3 heparinised capillary samples centrifuged for 5 min was taken as the haematocrit level.
Nine subjects underwent a continuous treadmill walk/run test to exhaustion. The test protocol was devised on the basis of empiric observations in a pilot study of race-walkers' behavioural responses to variations in speed and incline race-walking and running. A 10 min warm-up period of slow walking was permitted, followed by a 10 min rest prior to commencement of this test. The initial work load was set at a belt speed of 6 km h'1 and 1% slope and performed for 2 min. The speed was increased every 2 min by 2 km K 1. After 6 min using a race-walking technique the subject then ran for 5 min without alteration of the work-load from 10 km W1 and 1% slope. This correspond to Astrand's (1953) In analysis of the training data multiple t tests were used to investigate differences between work periods in order to determine the existence of trends in heart rate throughout the track session (Senter, 1969) . A similar procedure was used in analysis of the recovery periods. Work period mean heart rates were correlated with the distance covered and with the subsequent mean heart rate during recovery using the method of Pearson.
Heart rate data during the road session were divided into successive 15 min periods and a completely randomised ANOVA (Senter, 1969) used on the seven treatment levels to investigate differences between periods for any significant trend in heart rate throughout the session. Additionally differences in mean heart rate during uphill, downhill and level grade walking were studied using t tests. (Costill and Fox, 1969) , cross-country (Costill, 1967) and track runners (Novak et al, 1968) it would seem that walkers are intermediate in *height and weight between distance runners on the one hand and middle-distance and sprint men on the other. The group in the current study had greater linear measurements than the six Olympic walkers of similar weight studied by Tanner (1964) . The difference might be accounted for by the higher mesomorphy in the Olympic walkers. The majority still bordered the north-eastern section of the somatochart where most Olympic Games males are located. The poor strength and jump performances when compared with other international endurance sportsmen (Costill, 1967; Ishiko, 1974) may reflect imperfect muscular development or be the outcome of training regimes biased towards endurance work.
The mean percent body fat of 11.6% is lower than the normal 15% for men in their twenties (Durnin and Womersley, 1974) and the reported figures for American football and baseball players (Novak et al, 1968) . Subjects had more relative fat than cross-country runners (Costill and Fox, 1969; Sprynarova and Parizkova, 1971 ) and the 7.5% found in marathon runners (Costill et al, 1970) . The excess mass as fat is unlikely to be as disadvantageous as in running where body weight is raised vertically to an appreciable degree.
Lung function results were similar to expected values for normal males of similar age and size (Garbe and McDonnell, 1964; Leiner et al, 1963) but lower than figures for professional soccer players of smaller stature (Reilly and Thomas, 1977a) . It seems that in single breath spirometric measures race-walkers are indistiguishable from non-athletes. Blood pressures were within the normal range, both systolic and diastolic being higher than values reported for relaxed elite endurance athletes (Costill, 1967; Novak et al, 1968) . Similarly resting heart rates did not exhibit pronounced training bradycardia. Apprehension induced by awareness of impending testing could have been reflected in these values. The maximal heart rates of 194 beats minr' also agreed with expected values for male subjects of similar age (Astrand, 1952) .
Haematological data were close to normal apart from haemoglobin concentration which was 1.9 g/dL below the mean value for adult males quoted by Astrand and Rodahl (1977) . The finding in this study was close to the 14.16 g/dL observed by Brotherhood et al (1975) in runners and may reflect the greater control of the viscera over mobilisation of blood cells in athletes at rest. Since total body haemoglobin and 2,3 DPG have been found to discriminate between athletes and non-athletes, the haematological status of top race-walkers merits further investigation, particularly with regard to blood volume and intermediates in oxygen transfer. The estimated V02 max mean values of 4.7 L min' and 70 ml kg minm were practically identical to the measurements obtained on Swedish internationals (Saltin and Astrand, 1967; Forsberg and Lundin, 1975) . Failure to replicate the much cited negative correlation between V02 max and both percent body fat and competitive performance time (e.g. Astrand and Rodahl, 1977; Novak et al, 1968) may suggest error variance in inter-group variability when estimates are employed. The measurement error associated with the Astrand -Ryhming nomogram is known to be reduced when trained athletes are used (Koeslag and Sloan, 1976) .
The higher heart rates found for running at the treadmill velocity common to both modes suggest that the point at which running becomes the more efficient method of locomotion may be higher than the 8 km hW1
found by Marqaria et al (1963) for normal walking and the 8.25 km h reported by Menier and Pugh (1968) (Kane, 1968; Ogilvie, 1968) . Its main utility with elite athletes may be in assisting to formulate interpersonal coaching techniques.
The mean fH during work periods on the track of 167 beats min-was evidence of the intensive nature of this type of training. This value was 7 beats min-higher than that reported for continuous race-walking at a velocity 1 km hK1 slower (Forsberg and Lundin, 1975) , and was within 19 beats min-of the subject's fH max. Absence of a significant trend as the session advanced suggested the subject accurately paced himself through the session. The intensity for level walking on the road of 134 beats min' closely corresponded with the 131 beats min-for the group at the treadmill speed of 10 km h-1 and 1% slope. The effect of air resistance in the outdoor condition did not seem to have been pronounced. The work level probably lay above the training stimulus threshold (Karvonen et al, 1957) , particularly when uphill walking was involved. Road training routes could be strategically selected to include frequent uphill sections to accentuate the physiological strain during long walks. An alternative method of enhancing the training stress would be to increase the velocity of walking to approximate competitive walking pace. This type of regime when included in the training schedule would be performed for a reduced duration, though some long duration walks should still be retained.
